Background: We recently reported frequent use of opioids among elderly with dementia. Discrepancies in clinical practice may in part explain the higher use of opioids in elderly with dementia, which geographical variation may be able to clarify. Objective: To investigate geographical variation in opioid use in elderly with dementia compared to elderly without dementia. Methods: Register-based cross-sectional study in the entire elderly (≥65 years) population of Denmark in 2015. Data included place of residence, prescriptions, and discharge diagnoses from hospital contacts. Prevalence of opioid use among elderly with (n = 36,014) and without dementia (n = 1,011,787) was compared nationwide across the five Danish regions using logistic regression analysis and for the 98 municipalities using age and sex standardization. Results: 32.5% of elderly with dementia and 16.9% without were treated with an opioid in 2015. For home-living elderly with dementia, there was a 4-fold difference in opioid use (9.4 to 36.8%) between municipalities compared to a 1.6-fold (12.7 to 20.2%) difference for elderly without. In nursing home residents there was a 2-fold difference (dementia: 26.5 to 55.2%; no dementia: 31.8 to 60.4%). Differences between the five regions were minor. Conclusion: Opioid use in elderly with dementia was frequent and almost twice as high compared to elderly without dementia, which may challenge patient safety. The pronounced geographical variations at municipality level, particularly among elderly with dementia, indicate differences in the approach to treatment of chronic pain in primary care. Our study suggests that more guidance on treatment of pain in elderly with dementia is needed.
INTRODUCTION
Multimorbidity is frequent in the elderly population and pain causing conditions are frequent [1] . Thus, appropriate use of drugs and management of comorbidities represent an important public health issue. Patients with dementia are less likely to report pain [2] [3] [4] , but a recent register-based study found that use of opioids were frequent among elderly with dementia [5] . The reasons for the frequent use of opioids in elderly with dementia were unknown and could not be explained by differences in prevalence of pain-causing conditions. Use of opioids may be particularly problematic in patients with dementia due to sedation as well as possible cognitive impairment [6] . Discrepancies in clinical practice and lack of adherence to guidelines may in part explain the frequent use of opioids in elderly with dementia. These discrepancies may be clarified by studying geographical variation. Recently, we demonstrated profound geographical variation in the use of antipsychotics in elderly with dementia with a 4-fold difference in the prevalence of antipsychotic users between municipalities, even between municipalities within the same region [7] . At present, it is unknown if regional variation exists regarding opioid use in elderly with and without dementia. Danish registries are unique with respect to capturing an entire population and featuring detailed information on drug utilization. Knowledge about geographical variation in the Danish population may provide further insight into the extent and nature of variation in clinical practice in the care of pain in elderly with dementia also relevant in an international context. Thus, to determine possible factors contributing to the frequent consumption of opioids among elderly with dementia in Denmark, we aimed to investigate potential geographical variation in opioid use among elderly with and without dementia.
MATERIALS AND METHODS

Study design and ethics
The study was designed as an observational crosssectional study in 2015 using data from nationwide Danish registries. The study was approved by the Danish Data Protection Agency (ID no: 2007-58-0015/30-0667), Statistics Denmark, and the Danish Health and Medicine Authority (ID no: 6-8011-907/1). Danish law does not require ethics committee approval or written informed patient consent for register based studies.
The registers
In Denmark, all permanent residents are assigned a personal identification number (CPR number) at time of birth or immigration, which makes it possible to link demographic and medical data from registers at an individual level [8] . The National Patient Register contains data on all hospital admissions since 1977 and all contacts to outpatient clinics and emergency rooms since 1995 [9] . The Psychiatric Central Research Register contains data on all admissions to psychiatric hospitals since April 1, 1969 and all outpatient contacts since 1995 [10] . The diagnoses have been registered from 1970-1993 according to the World Health Organization's (WHO) International Classification of Diseases 8th Revision (ICD-8) [11] and 10th Revision (ICD-10) from 1994 onwards [12] . The Danish National Prescription Register contains data on all dispensed prescription drugs since 1995. The drugs are registered according to the Anatomical Therapeutic Chemical (ATC) classification system, with information on the date of dispensing, package size, and strength [13] .
Demographic information
Denmark is divided into five administrative regions and 98 municipalities. The regions are responsible for hospitals and for private practice specialists and general practitioners (GPs). The municipalities are local government bodies responsible for primary care including home care and nursing homes for the elderly. The place of residence (region and municipality) on January 1, 2015, was identified using the Danish Civil Registration System [8] , while information on living status (nursing homes) was retrieved from Statistics Denmark. Information about residence was used to examine geographical variation. Due to very few inhabitants at four Danish municipality islands (Fanø, AErø, Samsø, and Laesø), we choose to exclude these from the analysis of municipalities.
Study population
All Danish residents aged ≥65 years and alive on January 1, 2015, were identified using the Danish Civil Registration System [8] . Information about age, sex, and marital status was retrieved from the Danish Civil Registration System. Patients with a dementia diagnosis were identified as those who had been registered with a dementia diagnosis in the National Patient Register or Psychiatric Central Research Register before January 1, 2015, during admission or at an outpatient visit (Supplementary Table 1 for diagnostic codes) and/or those who had filled an anti-dementia drug prescription (ATC: N06D). The individuals had to be ≥60 years at the time of the dementia diagnosis and/or first prescription because the validity of the diagnosis in those <60 years has been shown to be low [14] . The validity of a registered dementia diagnosis in those ≥65 years, in contrast, has previously been shown to be high [15] . The remaining individuals formed the reference group.
Opioid use
In Denmark, opioids are only available by prescription from a physician and can only be dispensed once per prescription. Opioid users were defined as individuals who had redeemed at least one opioid prescription (ATC: N02A) in 2015.
Comorbidity
Comorbidity was evaluated at baseline (January 1, 2015) . Data from somatic and psychiatric hospital contacts was used to identify comorbid conditions. We evaluated potentially pain-causing conditions (cancer, osteoporosis, arthritis, and recent fracture) and comorbidity (diabetes, vascular, pulmonary, renal, and liver disease) that may affect opioid use (Supplementary Table 2 for diagnostic codes). The total amount of comorbidity was evaluated using the Charlson Comorbidity Index, which comprises 19 chronic somatic diseases and was used to assess comorbidity [24] . The total number of different drugs used in 2014 was employed as a surrogate marker of somatic disease not captured by hospital admissions (ATC level 3, e.g., A10A: insulins and analogues). Statistics Denmark provided information about living status (home-living and nursing home).
Statistical analysis
Normality of continuous variables was graphically determined using histograms. Differences in baseline characteristics was evaluated using Pearson's chi-square test. Logistic regression analyses were performed to evaluate the association between opioid use and dementia and effect of region (crude analysis). Furthermore, we adjusted for age, sex, and comorbidity (individual conditions) (adjusted analysis) as these differ between the regions. The percentage of opioid users in the various municipalities was adjusted using direct standardization to account for differences in age and sex between geographical areas and numbers are given as standardized values. A p-value of <0.05 was considered statistically significant. The data analysis was performed using SAS statistical software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Study population
The selection of the study population is shown in Fig. 1 . In 2015, the population consisted of 1,047,801 persons aged 65 and older, among whom 36,014 (3.4%) were diagnosed with dementia. The elderly with dementia were older, more likely to be female, received more medication, and were suffering from more comorbidity (see Table 1 for details of the population). When stratified by region, there were significant differences in frequency of comorbidity among both elderly with and without dementia (see Supplementary Table 3A , B).
National prevalence of opioid use
32.5% of elderly with dementia and 16.9% without dementia were treated with an opioid in 2015. Among the home-living, 24.0% of elderly with dementia and 16.1% of elderly without dementia were treated with an opioid in 2015 (see Table 2 ). Prevalence of opioid use was higher in nursing home residents among whom 39.6% of elderly with dementia and 44.3% of elderly without dementia were treated with an opioid in 2015. Numbers are given as median (25-75% interquartile range) for data with a non-normal distribution. Frequency numbers are given as percentage. Regional prevalence of opioid use Table 2 shows the percentage of opioid users stratified by region, dementia diagnosis and living status. Opioid use ranged from 21.3% (North Denmark Region) to 27.2% (Zeeland Region) (p < 0.0001) among home-living elderly with dementia and from 15.1% (North Denmark Region) to 16.7% (Zealand Region) (p < 0.0001) among home living elderly without dementia. For nursing home residents, opioid use ranged from 36.4% (Central Denmark Region) to 42.2% (Zeeland Region) (p < 0.0001) among elderly with dementia and from 42.2% (Central Denmark Region) to 45.6% (Region of Southern Denmark) (p < 0.0001) among elderly without dementia.
In a logistic regression of total opioid use, we adjusted for region to explore its effect on the estimate for dementia. Adjusting for region did not have an impact on the difference in opioid use in dementia versus no dementia in both the home-living and institutionalized elderly (see Supplementary Table 4A and B for details). Among home-living people, there were minor regional differences of opioid use (Central region: odds ratio (95% confidence interval): 1.08 (1.06-1.10); Zealand: 1.18 (1.15-1.20)) independent of dementia or comorbidity. Among the home-living adjusting for age and gender decreased the estimate for dementia from 1.65 (1.59-1.72) to 1.28 (1.23-1.33) and further to 1.12 (1.08-1.17) after adjusting for comorbidity. For institutionalized people the estimate for dementia did not change significantly after adjusting for age, gender, and comorbidity.
Prevalence of opioid use by municipality
When opioid use was stratified by living status, it ranged from 9.4% (Favrskov municipality) to 36.8% (Ringsted municipality) among elderly with dementia living at home (see Fig. 2A ), yielding a 4-fold difference. For home-living elderly without dementia opioid use ranged from 12.7% (Allerød municipality) to 20.2% (Ishøj municipality), yielding a 1.6-fold difference. Among nursing home residents with dementia, opioid use ranged from 26.5% (Randers municipality) to 55.2% (Ringsted municipality) yielding a 2.1-fold difference (see Fig. 2B ). For nursing home residents not diagnosed with dementia, opioid use ranged from 31.8% (Vallensbaek municipality) to 60.4% (Stevns municipality), yielding a 1.9-fold difference.
DISCUSSION
In this study of the entire elderly population of Denmark, the main finding was pronounced geographical variation in opioid use across municipalities. Among home-living elderly with dementia there was a 4-fold difference in opioid use, whereas there was a 2-fold difference in opioid use among nursing home residents with and without dementia.
To our knowledge, there have been no previous studies examining the geographical variation in opioid use among elderly with dementia. Previously, we demonstrated pronounced differences across municipalities in Denmark with a 4-fold difference in use of antipsychotics in elderly with dementia [7] . Geographical differences in use of antipsychotics have also been demonstrated in patients with schizophrenia and in the general population in the United States [16, 17] . Large geographical variation in opioid use have been reported among the general population of Ontario with a 6-7 fold difference in opioid use between counties within Ontario [18] . In the US, a 2.7-fold difference between all states in opioid prescribing among the general population has been demonstrated [19] . None of the population studies examining use of opioids focused on elderly with dementia.
Previous population-based studies of opioid use in elderly with dementia have shown varied results. A study from Finland, which similar to ours was based on register-based data, found that in 2005 3.6% of community-dwelling elderly with Alzheimer's disease had used an opioid and 4.6% of communitydwelling elderly without dementia [20] . Using data from 2005 to 2011, another study from Finland investigated analgesic use in the first 180 days following diagnosis of Alzheimer's disease and found that opioids was used by 7.1% of elderly with Alzheimer's disease and by 8.1% of age-and sex matched controls [21] . However, the two studies from Finland investigated a very selected group as they examined home-living elderly, who had received an anti-dementia drug, thereby only including a subset of elderly with dementia. A recent Norwegian study used data from a cross-sectional study conducted in 2011 with 1,858 nursing home residents, where they extracted data from medication records and found that 23.8% were receiving an opioid [22] . Even though the studies did not use the exact same methodology, they demonstrated that there is significant variation in opioid use between countries with more than 3fold differences. Given the large variation between countries, we believe, that although our study was conducted in the elderly population of Denmark only, the extent and nature of the observed differences in the use of opioid is also relevant in an international context. We may only speculate about the reasons for the frequent use and pronounced geographical variation in elderly with dementia. Several factors may play a role, including differences in access to specialist care, local differences in management strategies and care of patients with pain, lack of knowledge about or uncertainty concerning assessment of pain in elderly with dementia as well as discrepancies to guidelines. Last, differences in degree of comorbidity may play a role.
Variation in opioid use was most pronounced at the municipal level, with a 4-fold difference for elderly with dementia living at home, by far exceeding the more modest variation between the larger regions. Hospitals are managed at a regional level, whereas primary care including home care and nursing homes are managed at the municipal level. As the variation in opioid use was most pronounced at the municipal level, this indicates that the explanation is related to discrepancies in clinical practice in primary care rather than differences in access to specialist care.
Several factors may explain the large variation among municipalities. There may be local differences in assessment and treatment of pain. Pain assessment in elderly with dementia is challenging, as the gold standard for pain assessment is 'the patient's report'. This becomes increasingly difficult as the disease progresses, and the patients lose the ability to communicate adequately [23, 24] . Therefore, among both the home-living and nursing home residents pain assessment and treatment in elderly with dementia depend very much on the caregiver's knowledge about the patient and interpretation of symptoms and the doctor may not have seen the patient when they made a prescription for an opioid. Thus, diffi-culty in assessment of pain and local differences in how potential 'pain indicators' are interpreted may be part of the explanation for why we found greater geographical variation among elderly with dementia compared to elderly without dementia. Furthermore, differences in knowledge and attitudes towards opioid use in elderly with dementia may also contribute to the geographical variation. A recent study found, that opioid prescribing in the emergency department was very dependent on the individual physician and opioid prescribing (in any age group and indication) varied by a factor 3.3, depending on the physician, even within the same hospital [25] . It is plausible that a similar inter-physician variation exists for the use of opioids for chronic pain in dementia. Thus, a lack of guidelines or lack of adherence to guidelines may also be part of the explanation. Alternatively, differences in degree of comorbidity may explain the variability. Adjusting for comorbidity decreased the overall estimate for the association between opioid prescription and dementia among elderly living at home; however, adjusting for region did not change the estimate for dementia neither in the crude nor the adjusted analysis. Age and sex had the greatest effect on the estimate for dementia. Within the municipalities, the prevalence's were standardized according to age and sex, but despite this, there was still a 2 to 4-fold difference. We cannot exclude that differences in comorbidity explains part of the variability between municipalities, but it seems unlikely that this is the only explanation. The pronounced regional variation in prescription of opioids shows that the approach to treatment of pain in elderly with dementia is quite variable. One important question is which group is receiving the most optimal treatment, those with the highest or lowest opioid use? Previously, elderly with dementia were thought not to receive adequate treatment for pain as they received less analgesic medication compared to cognitively intact elderly [26, 27] , but this does not seem to be the case in our sample. Recently, there has been increasing focus on the lack of evidence for effect of opioids in long-term treatment of chronic non-malignant pain [28, 29] and the significant risk associated with opioids [30, 31] . Thus, recent guidelines recommend non-opioid therapy to treat chronic non-malignant pain [29, 32] . Guidelines for management in pain in the elderly states that opioids can be considered in carefully selected and monitored patients with moderate or severe pain, especially if causing functional impairment [33] . Dementia is not associated with an increased prevalence of pain but is associated with an increased risk of adverse events [34] . In a recent study of tolerability of buprenorphine in nursing home residents with advanced dementia, 52.3% discontinued treatment due to adverse events, compared to 13.3% in the placebo group. Buprenorphine reduced daytime activity and nursing home staff reported increased sedation/somnolence as the most frequent adverse events [35] . Thus, in treating pain in elderly with dementia opioids must be used according to safety guidelines especially in frail people such as elderly and dementia patients, considering the frequent occurrence of side-effect and potential for drug interactions in polytherapy.
Limitations and strength
The main strength of this study is its nationwide population-based design and high reliability of data. Our study investigated "real-life prescription patterns" in an entire elderly population, thus avoiding problems of selection bias. Previous research has shown that the validity of a dementia diagnosis in Danish hospital registries is high in the elderly population [15] . However, dementia is generally underdiagnosed and potentially undiagnosed cases of dementia could have been included in the reference population particularly in the nursing home population. Another limitation is that we do not have information about the severity of dementia or whether the patient had a current depression. We included information about time since diagnosis and found that median time since diagnosis for the home-living was 2.2 years and 3.6 years for the nursing home residents. Data on prescriptions for opioids filled at pharmacies were complete, but we did not have information about indications and whether patients consumed their prescriptions. As we wished to investigate differences between the 98 municipalities we were unable to look at subtypes of opioids or duration of opioid use due to very small groups in some municipalities but investigated this in a previous publication [5] . We included information about pain-causing conditions, but we do not have information about the type or degree of pain.
Conclusion
In the entire elderly population of Denmark, we found pronounced geographical variation in opioid use, which was not explained by differences in age, sex, and comorbidity. The differences were most pronounced among elderly with dementia at the municipality level, suggesting that the differences were primarily related to different approaches toward either pain assessment and/or pain treatment in primary care, home care as well as nursing homes. As opioid use differs between several nations, there are reasons to believe that our findings of within country variations may apply to other countries as well. This calls for more guidance on assessment and management of pain in elderly with dementia. Implementation of guidelines for appropriate management of pain in elderly with dementia is a challenging task that must be addressed jointly by targeting multiple audiences and not only the prescribing doctors. Future studies should explore potential consequences for patient safety.
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